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[57] ABSTRACT 

A respiration monitor includes a sensing element having a 
pressure chamber filled with gas. The sensing element is 
adapted to be placed in contact with a breathing subject, with 
the pressure in the chamber increasing as the subject inhales 
and decreasing as the subject exhales. A pressure switch in 
communication with the pressure chamber opens as the 
subject exhales and closes as the subject inhales to control 
the operation of a timing circuit. The timing circuit includes 
an audio alarm mechanism activated when the switch is not 
closed within a predetermined threshold period. The cham- 
ber has at least one gas port which places the chamber in 
communication with ambient air pressure, so that within a 
pressure equalization time interval the pressure within the 
chamber equalizes to that of ambient air pressure and the 
switch is opened. This port is sized so that the pressure 
equalization time interval is longer than the normal cycle of 
inhalation and exhalation of the subject but shorter than the 
predetermined threshold period. The size, or number 
openings, comprising the port is sufficiently restrictive so 
that changes in pressure within the gas chamber are detected, 
causing the switch to operate to open or close as required. 

14 Claims, 4 Drawing Sheets 
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PNEUMATICALLY SENSED RESPIRATION communication with the gas chamber and a second side in 

MONITOR & METHOD communication with ambient pressure. 

The pressure chamber includes the volume of gas in the 
BACKGROUND OF THE INVENTION sensing element in contact with the subject, the volume of 

5 gas in any tube connecting the sensing element to the switch, 
FIELD OF THE INVENTION and the volume of gas in first side of the switch in commu- 

nication with the tube and sensing element. Only the volume 
This invention relates to electro-pneumatic human motion c f mc scns i n g clement changes as the subject breathes. If 
detection devices and methods often used to signal the onset this volume in the sensing element is low relative to the 
of apnea in adults or infants. 1Q volume of gas in the tube and the volume of gas in first side 

of the switch, the switch may not be sensitive enough to 
BACKGROUND DISCUSSION dctect smaU changes in pressure resulting from the motion 

Sudden Infant Death Syndrome (SIDS) is one of the of the subject due to breathing. *<^^>*^* 
leaS causes of death in infants between the ages of two volume in the sensing element relative to the ^volume ,of 
wesfa and one year. Until the causes of SIDS are identified 15 &** * c P«*«? a ™f? SS T 

Inda solution develop parents and physicians alto have switch cannot detect . T^picaUy *e^vd™rffte 
only one choice in avoiding SIDS: monitoring the infant chamber ranges between 5 and 9 ojbic mch« 1 or apphca- 
during sleep periods to detect the onset of apnea. turn, to detect apnea in infants. In this case, if the volume 0 

* r r . , , . the sensing element comprises more than ninety percent 

In an attempt to lessen the burden of monitoring a (9X)%) of the total voluxne of the chamber, and the volume 
sleeping infant throughout their sleep periods, various 20 V f ^ ^ ^ rf ^ ^ ^ ^ ^ Q%) 

devices have been developed which monitor an infant s Qf ^ ^ volumc of ^ chambcr> me switch will ^ 
breathing pattern and warn of a change in me breathing SCDsitiyc ^ ^ activated as mc subject breathes, 

pattern. These devices have been difficult to apply and se conncctcd tQ mc 

up areunreliabfc, are unable to ^sate an mfants ^ Zind^ an audio al£m mechanism. THc timing 
other movements such as 25 circuit activates thellarmineclunism when me switch is not 

expensive for practical application in the parent s homes. ^ & prcdetmnincd pffiodt ^ 

SUMMARY OF THE INVENTION alarm indicates that the monitor of this invention is not 

operational or that the subject has stopped moving. The 

It is the objective of this invention to provide a reliable, M timing circuit may include a manually operated reset switch 
low cost respiration monitor for detecting the onset of apnea the timing circuit after an alarm occurs, 

in a breathing subject, particularly infants. The fourth feature, which prevents false alarms, calls for 

This invention has several features, no single one of the chamber to have at least one gas port which places the 
which is solely responsible for its desirable attributes. With- chamber in communication with ambient air pressure, so 
out limiting the scope of this invention as expressed by the 35 that within a pressure equalization time interval the pressure 
claims which follow, its more prominent features will now within the chamber equalizes to that of ambient air pressure 
be discussed briefly. After considering this discussion, and an d the switch is activated, that is opened or closed depend- 
particularly after reading the section entitled, "DETAILED f n g on the design of the timing circuit ITus feature enables 
DESCRIPTION OF THE PREFERRED the monitor to be used at different altitudes and as the air 
EMBODIMENTS," one will understand how the features of ^ pressure changes with changing weather conditions. This 
this invention provide its benefits, which include reliability, p^t, which may be one large opening or several small 
low cost, and avoidance of false alarms. openings, is sized so that the pressure equalization time 

The first feature of the respiration monitor of this inven- interval is longer than the normal cycle of inhalation and 
tion is that it includes a sensing element including a pressure exhalation of the subject but shorter than the predetermined 
diamber filled with gas. The sensing element is adapted to 45 threshold period established by the timing circuit, 
be placed in contact with the subject, so that the pressure in Consequently, if the subject, for example rolls to create an 
the chamber increases as the subject inhales and decreases as abrupt and abnormal increase or decrease in the pressure in 
the subject exhales. This sensing element may be a belt the chamber, the pressure within the chamber has sufficient 
wrapped about me chest of me subject or a mat on which the time to return to a normal condition before the alarm is 
subject lies while sleeping. It typically is a balloon-like 50 activated. Typically, the pressure equalization time interval 
structure with walls made of an elastomeric material which is greater than 5 seconds and the predetermined threshold 
is resilient When the subject inhales, the volume of the period is less than 25 seconds. The hole size, or number of 
chamber decreases slightly, increasing slightly the pressure holes, must be sufficiently restrictive to insure that the 
of the gas in the chamber. When the subject exhales, the pressure change produced by the change in volume of the 
chamber returns to its original volume due to the resilient 55 sensing element still is detected by the pressure switch. If the 
nature of the elastomeric material. size, or number of holes, causes gas to leak out of, or into, 

The second feature is a pressure switch in communication the gas chamber too rapidly, typically, within less than one 
with the pressure chamber. This switch is activated as the second, the switch may not detect any pressure change, 
subject breathes. For example, as the subject exhales the The fifth feature is that the timing circuit may include a 
switch is opened and as the subject inhales the switch is 60 transmitter that is activated and deactivated by the closing or 
closed. A reverse arrangement could also be established, so opening of the switch as discussed above. A receiver in 
that exhaling closes the switch and inhaling opens the communication with the transmitter and responsive to the 
switch. The important consideration is that the switch is activation and deactivation of the transmitter turns on the 
activated to change from a first state to a second state as the alarm mechanism when the switch fails to change from the 
subject exhales and to change from the second state to the 65 second to the first state within the predetermined threshold 
first state as the subject inhales. The pressure switch pref- period. Alternately, if the switch fails to change from the 
crably is a differential pressure switch, with a first side in second to the first state within the predetermined threshold 
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period, oaly then is the transmitter activated to transmit to 
the receiver a signal which produces the alarm. 

This invention also includes a method for detecting the 
onset of apnea in a breathing subject. This method includes 
the following steps: 

(a) placing the subject in contact with a sensing element 
having a pressure chamber filled with gas, said sensing 
element being adapted to be placed In contact with a 
breathing subject, with the pressure in the chamber 
increasing as the subject inhales and decreasing as the 
subject exhales, 

(b) placing a differential pressure switch in communica- 
tion with the pressure chamber, said switch changing 
from a first state to a second state as the subject exhales 13 
and changing from the second state to the first state as 
the subject inhales, and 

(c) connecting to the switch a timing circuit including an 
alarm mechanism, said timing circuit activating the 
alarm mechanism when the switch fails to change from 2 o 
a second state to a first state within a predetermined 
threshold period, 

(d) said chamber having at least one gas port which places 
the chamber in communication with ambient air 
pressure, so that within a pressure equalization time 25 
interval the pressure within the chamber equalizes to 
that of ambient air pressure and the switch changes 
from the second state to the first state, said port being 
sized so that said pressure equalization time interval is 
longer than the normal cycle of inhalation and exhala- 30 
tion of the subject but shorter than said predetermined 
threshold period and being sufficiently restrictive so 
that changes in pressure within the gas chamber are 
detected to cause the switch to change states. 

35 

DESCRIPTION OF THE DRAWING 

The preferred embodiments of this invention, illustrating 
all its features, will now be discussed in detail. These 
embodiments depict the novel and non-obvious monitor and ^ 
method of this invention as shown in the accompanying 
drawing, which is for illustrative purposes only. This draw- 
ing includes the following figures (Figures), with like 
numerals indicating like parts: 

FIG. 1A is a perspective view showing a sensing belt 45 
embodiment of the monitor of this invention. 

FIG. IB is a perspective view showing a sensing embodi- 
ment of the monitor of this invention. 

FIG. 2 is a schematic diagram showing the principal 
pneumatic and electronic components contained within the 50 
monitor shown in FIGS. 1A and IB. 

FIG. 3 is an enlarged cross-sectional view of the differ- 
ential pressure switch employed in this invention. 

FIG. 4 is a plan view of the sensing component in a ^ 
portable enibodiment of the sensing belt portion of this 
invention. 

FIG. 5 is a schematic diagram showing the principle 
electronic components contained within the warning com- 
ponent of the embodiment of this invention shown in FIG. ^ 
4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As depicted in FIG. 1A, the respiration monitor 10a of 65 
this invention includes a belt 12 to detect the breathing of an 
infant 20. a differential pressure switch 24 (FIG-2). a flexible 



tube 16 which pneumatically connects the belt to the switch, 
and a timing circuit 100 (FIG. 2), which includes an audio 
alarm 50. The sensing belt 12 is worn around the chest 20a 
of the infant 20 being monitored. As best illustrated in FIG. 
3, an orifice adapter 26 (FIGS. 2 and 3) connects one section 
16a of the tube 16 to the differential pressure switch 24 
through another section 16b of the tube 16. A monitor 
enclosure 14 houses the switch 24 and timing circuit 100. 

As shown in FIG. IB, an alternate embodiment of this 
invention, respiration monitor 106, utilizes a sensing mat IS 
instead of the sensing belt 12 to detect inhalation and 
exhalation. The sensing mat 18 is removably attached by a 
flexible tube 16c to a monitor enclosure lib, which contains 
the differential pressure switch 24 and the timing circuit 100. 
The respiration monitor 106 functions in essentially the 
same way as the respiration monitor 10a, except the infant 
lies on the mat, which has a volume of air that is compressed 
as the infant inhales and expands as the infant exhales. 

The pressure switch 24 is a standard component which 
may be purchased from Micro Pneumatic Logic, of Fort 
Lauderdale, Fla., and is identified as MPL 503. As best 
illustrated in FIG. 3, the switch 24 includes a housing 52 
having ports 32 and 54 in communication with opposite 
sides of a cavity 56 in the housing. A flexible diaphragm 30 
is seated between the ports 32 and 54. Between the dia- 
phragm 30 and the port 32 are a pair of electrical contacts 34 
and 36, which are electrically connected to the tuning circuit 
100. Contact 36 is stationary and contact 34 is a moveably 
spring element, flexing towards the contact 36 when the 
pressure in the interior 12a of the belt 12 causes the 
diaphragm 30 to move and returning to its nonflex condition 
when the diaphragm 30 returns to its normal condition 
shown in solid lines in FIG. 3. 

Hie sensing belt 12 (and mat 18) is made of a elastomeric 
material such as, for example, silicone, which is resilient 
The belt 12 has a thin, flexible wall defining a hollow interior 
12a. Since both the sensing mat 18 and the sensing belt 12 
are constructed of resilient material, they return to their 
original volume upon exhaling. The flexible tube 16 has a 
hollow interior 16d and the orifice adapter 26 has a hollow 
interior 28a, When the belt 12, tube sections 16a and 16b, 
and adapter 26, are connected to the switch 24, a gas 
chamber 22 is formed including the hollow interiors 12a, 
16d and 16e, and 28a, respectively, of the belt, tube sections 
16a And 16b and adapter 26, and the space 56a between the 
diaphragm 30 and the port 54, including the space 54a of the 
port 54. The total volume of the gas chamber is, therefore, 
the combined volumes of the belt 12, the tube sections 16a 
and 16£>, the adapter 26, and the switch 24. 

The combined volume of the spaces 54a and 56a, 
respectively, of the port 54 and cavity 56, and the hollow 
interiors 16o* and 16*, and 28a, respectively, of the tube 
sections 16a and 16b t and adapter 26, is relatively small, 
typically in combination less than 0.2 cubic inches, normally 
ranging between 0.1 and 0.3 cubic inches. This is a volume 
of less than 3 percent of the total volume which is about 8 
cubic inches. Because the volume of gas outside the interior 
12a of sensing belt 12 is so small, a small volume increase 
or decrease within sensing belt causes a relatively large 
deflection in the diaphragm 30 either towards the moveable 
contact 34 during inhalation or away from the contact 34 
during exhalation. When the infant 20 inhales, the expansion 
of her or his chest decreases the volume of the gas in the 
interior 12a of the belt 12, increasing the pressure in the gas 
chamber 22 which is detected by the switch 24. This increase 
in the pressure of the gas chamber 22 causes the diaphragm 
30 to flex and push the contact 34 into engagement with the 
contact 36, closing the pressure switch 24. 
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It is desirable to prevent false alarms caused by move- embodiment, a battery powered transmitter 154 may be 
ments of the infant 20 such as rolling, which may abruptly installed to the sensing belt 12, enabling cordless operation 
increase or decrease the pressure within the gas chamber 22 between the sensing belt 12 and the timing circuit 100. In 
to a level far beyond the typical changes due to breathing. this configuration, the flexible tube 16 is greatly reduced in 
Such an abrupt pressure change may lock the pressure 5 length to enable mounting of the orifice adapter 26, pressure 
switch 24 in either a closed or open position. Moreover, the switch 24, and battery powered transmitter 154 on the 
gas chamber 22 must be in communication with ambient air sensing belt 12. The pressure increase in the gas chamber 22 
pressure in order for (he monitor 10a to function in changing closes ^ contacts 34 and 36 in pressure switch 24, as 
weather conditions or at different altitudes with attendant discussed above, which activates the battery powered trans- 
changes in pressure. In accordance with this invention, the lQ 154 10 generate a radio signal which is transmitted to 
monitor 10 utilizes the orifice adapter 26 as a means of a recc iver 156 (FIG. 5) in the riming circuit 100, This 
returning the pressure of the gas chamber 22 to ambient completes the electrical circuit between terminals 58 and 
pressure. For the pressure switch 24 to function properly, it terminal 60, activating the countdown timer of the integrated 
must be returned to its normal condition. In this 42 and alarm 50 as described above if the infant fails 
embodiment, this normal condition is shown in solid lines in l5 to and within the threshold period of the 
FIG. 3. This return to the normal condition must be within countdown timer. An alternate circuit is possible where, if 
a relatively brief period (the pressure equalization time ^ switch 24 fails to open or close within the threshold 
interval), typically no longer than about 5 seconds, but p^o^, only then is the transmitter 154 activated to transmit 
longer than the normal time it takes for the infant 20 to t0 mc rece i ver 156 a signal which produces the alarm, 
inhale and exhale. 20 ^ operation, the belt 12, or mat 18, is in contact with the 
Thc orifice adapter 26 has pressure equalization holes 28 2Q ^ motioQ which is mdicative of the infant's 
in communication with ambient pressure. Alternately, an breathing. The inhalation of the infant 20, expanding his or 
orifice adapter made of a porous material may be used. h er chest 20o, causes me pressure mside me gas chamber 22 
These holes 28 are of a size and number such that the to mcrcase slightly, typically about 0.05 inch of water, 
pressure in the gas chamber 22 will return to the surrounding ^ causing me ^tch 24 to close and complete the 
ambient pressure within about 5 seconds after a sudden c^cuit 100 to initialize the countdown timer. If the switch 24 
pressure increase or decrease. The holes 28, however, are ^ n<jt opened within seC onds, the nominal threshold 
sufficiently restrictive so that changes in pressure within the of mc countdowil the alarm 50 is activated. If, 
gas chamber 22 due to the infant's motion are detected, however, the infant exhales within the threshold period, and 
causing the switch 24 to change states. With the pressure at 30 ^ switch ^ J$ ^ countdown timer is reinitialized 
ambient on both sides of the diaphragm 30, the contact 34 ^ the 50 from going ^ jf mc infant 20, turns 
disengages from the contact 36, opening the switch 24. As tocause an abrupt increase or decrease in the pressure within 
discussed in greater detail in connection with the timing ^ chamber 22, the pressure equalization holes 28 
circuit 100, if the pressure switch 24 fails to open within a {n mc orificc adaptcr M rctlirn ^ pressure within the 
predetermined threshold period, the alarm 50 is activated. 33 chaniba . 22 to ambient within the threshold period, thereby 
The timing circuit 100 includes the audio alarm 50 such avo iding a false alarm. If the alarm goes off, and upon 
as, for example, a buzzer, an integrated circuit 42 purchased checking, thc infant 20 is breathing normally, or the danger 
from Radio Shack and identified as Part No. 555 IC having removed, the reset switch 53 is activated to reset the timing 
pins 1 through 8 through which the integrated circuit 42 is circuit 100. 
connected to the contacts 34 and 36 of the switch 24 via a 40 

transistor Ql having its emitter E connected to ground SCOPE OF THE INVENTION 

through the capacitor CI, its base B^nnectcd to one side description of the best mode con- 

of a manually actuated re set switch 53 the ^torR^and ™ P £ and of mc 

the pin 2, and its collector C connected to ^ ncr ^ p^LAf nialdnVand using it, in such full 

thereset switch! 53. The circuit 100 is F^*LZl2 « clear, concise,and exact terrrts as to enable any person 

power ^urce44 suchasate^ ; • wh ich it pertains to make and u£ this 

emitting diode (LED) 46 displayed on the enclosure^ 14 and ^ ^ susceptible to modi- 

14* indicates that power is available and ^intonng is constructions from Aat discussed 

active. The reset switch 53 ,s mounted on the enclosures 14 ^ ^ ^ ConsequentlVj it is not ^ 

and 146. . L ^ 50 intention to limit this invention to the particular embodi- 

The closure of the pressure switch 24 completes the menU ^ sclosci 0 n me contrary, me intention is to cover all 

timing circuit 100 to initialize a countdown timer (not modifications ^ alternate constructions coming within the 

shown) in the integrated circuit 42. The countdown timer and q{ mc ^ton as gcncraUy expressed by 

threshold period, adjusted using a variable ^resistor R2. is £ f^^^ whicll particularly point out and dis- 

normiiaUy twenty secon^ 55 inject of the invention: 

normally, exhaling and inhaling within the threshold period, x claim: 

the cycling of the switch 24 between an open ^ closed rcspirat ian monitor, including 

state reinitializes the countdown tuner. If the infant s 20 u • 

breathing should stop for longer than the threshold period, an alarm mechanism, 

the countdown timer will not be reinitialized by pressure 60 a sensing element including a pressure chamber filled 

switch 24 cycling between an open and closed state, and will with gas, said sensing element being adapted to be 

activate the alarm 50. Once the alarm has been acted upon placed in contact with a breathing subject, with the 

by the parents, or other guardian, checking the infant 20, the pressure in the chamber increasing as the subject 

reset switch 53 is activated to reinitialize the timer in the inhales and decreasing as the subject exhales in accor- 

integrated circuit 42. 65 ^ acQ witn a normal cycle of inhalation and exhalation, 

A third embodiment of this invention, as shown in FIGS. a pressure switch in communication with the pressure 

4 and 5, improves portability of the monitor 10. In this third chamber, said switch changing from a first state to a 
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second state as the subject exhales and changing from 
the second state to the first state as the subject inhales, 
and 

a timing circuit connected to the switch and including the 
alarm mechanism, said timing circuit activating the 
alarm mechanism when the switch fails to change from 
the second state to the first state within a predetermined 
threshold period, 

said chamber having at least one gas port which places the 
chamber in communication with ambient air pressure, 
so that within a pressure equalization time interval the 
pressure within the chamber equalizes to that of ambi- 
ent air pressure and the switch changes from the second 
state to the first state, said port being sized so that said 
pressure equalization time interval is longer than the 
normal cycle of inhalation and exhalation of the subject 
but shorter than said predetermined threshold period 
and being sufficiently restrictive so that changes in 
pressure within the gas chamber are detected to cause 
the switch to change states. 

2. The respiration monitor of claim 1 where said pressure 
switch is a differential pressure switch including a mem- 
brane with a first side of the membrane in communication 
with the gas chamber and a second side of the membrane in 
communication with ambient pressure. 

3. The respiration monitor of claim 2 where the gas 
chamber has a predetermined total volume and the side of 
pressure switch in communication with the gas chamber has 
a small volume relative to the total volume of the gas 
chamber. 

4. The respiration monitor of claim 1 where said alarm 
mechanism is an audio alarm. 

5. The respiration monitor of claim 1 where said timing 
circuit includes a manually operated reset switch that resets 
the timing circuit after an alarm occurs. 

6. The respiration monitor of claim 1 where said pressure 
equalization time interval is greater than 5 seconds and said 
predetermined threshold period is less man 25 seconds. 

7. The respiration monitor of claim 1 where timing circuit 
includes a transmitter and a receiver in communication with 
transmitter, said transmitter sending a signal to the receiver 
to activate the alarm mechanism when the switch fails to 
change from the second state to the first state within said 
pressure equalization time interval. 

8. The respiration monitor of claim 3 where at least 90 
percent of the total volume of the gas chamber is located in 
the sensing element. 

9. A respiration monitor* including 
an audio alarm mechanism, 

a sensing element made of a resilient material, said 
sensing element including a pressure chamber filled 
with gas. said sensing element being adapted to be 
placed in contact with a breathing subject, with the 
pressure in the chamber increasing as the subject 
inhales and decreasing as the subject exhales. 

a differential pressure switch in communication with the 
pressure chamber, with a first side in communication 
with the gas chamber and a second side in communi- 
cation with ambient pressure, said switch changing 
from a first state to a second state as the subject exhales 
and changing from the second state to the first state as 
the subject inhales. 

said side of pressure switch in communication with the 
gas chamber having a volume small enough relative to 
the total volume of the pressure chamber that the 
change in volume due to the subject's inhalation and 
exhalation causes the switch to change states, and 
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a timing circuit connected to the switch and including the 
alarm mechanism, said timing circuit activating the 
alarm mechanism when the switch fails to change from 
the second state to the first state within a predetermined 
threshold period, 
said chamber having at least one gas port which places the 
chamber in communication with ambient air pressure, 
so that within a pressure equalization time interval the 
pressure within the chamber equalizes to that of ambi- 
ent air pressure and the switch changes from the second 
state to the first state, said port being sized so that said 
pressure equalization time interval is longer than the 
normal cycle of inhalation and exhalation of the subject 
but shorter than said predetermined threshold period 
and being sufficiently restrictive so that changes in 
pressure within the gas chamber are detected to cause 
the switch to change states. 

10. The respiration monitor of claim 9 where said pressure 
20 equalization time interval is greater than 5 seconds and said 

predetermined threshold period is less than 25 seconds. 

11. A method for detecting an onset of apnea in a subject 
breathing in accordance with a normal cycle of inhalation 
and exhalation, including 

placing the subject in contact with a sensing element 
having a pressure chamber filled with gas, said sensing 
element being adapted to be placed in contact with a 
breathing subject, with the pressure in the chamber 
increasing as the subject inhales and decreasing as the 
subject exhales, 
placing a differential pressure switch in communication 
with the pressure chamber, said switch changing from 
a first state to a second state as the subject exhales and 
changing from the second state to the first state as the 
subject inhales, and 
connecting to the switch a timing circuit including an 
alarm mechanism, said timing circuit activating the 
alarm mechanism when the switch fails to change from 
a second state to a first state within a predetermined 
threshold period, 
said chamber having at least one gas port which places the 
chamber in communication with ambient air pressure, 
so that within a pressure equalization time interval the 
pressure within the chamber equalizes to that of ambi- 
ent air pressure and the switch changes from the second 
state to the first state, said port being sized so that said 
pressure equalization time interval is longer than the 
normal cycle of inhalation and exhalation of the subject 
but shorter than said predetermined threshold period 
and being sufficiently restrictive so that changes in 
pressure within the chamber are detected to cause the 
switch to change states. 

12. A device for monitoring the respiration of a subject, 
comprising 

means for providing an alarm, 

means for sensing pneumatically the subject's breathing 
cycle by detecting inhalation and exhalation of said 
subject through deformation of an elastomeric gas 
chamber in physical contact with said subject, 
said sensing means providing an increase in pneumatic 
pressure as the subject inhales and a decrease in pneu- 
matic pressure as the subject exhales, 
means for operating an electrical switch to change the 
state of the switch in response to the pressure changes 
provided by the sensing means, 
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means for activating said alarm when the switch fails to 
change states within a predetermined threshold period, 
and 

means for equalizing the pneumatic pressure in said 
sensing means with ambient pressure within a pressure 
equalization time interval which is greater than said 
breathing cycle and shorter than said predetermined 
threshold period. 
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13. The device of claim 12 where said pressure equalizing 
means achieves ambient pressure in the sensing means in 
about 5 seconds. 

14. The device of claim 12 where said means for operating 
an electrical switch utilizes a wireless means for changing 
the state of the switch. 
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